Purpose: To compare the postoperative anatomic success rates and the frequency of complications between prone or supine postoperative positioning after transconjunctival sutureless vitrectomy (TSV) for rhegmatogenous retinal detachment (RRD). Methods: All patients underwent primary 27-gauge TSV for the treatment of primary RRD. Patients were divided into two groups as follows: group A was patients instructed to keep strict postoperative prone positioning for a minimum of 8 days. Group B was patients instructed to keep the prone positioning on the day of the surgery followed by supine positioning for minimum of 7 days from the day after surgery. Result: Sixty-two eyes were enrolled (group A: 32, group B: 30). There was no significant difference in baseline data between two groups. The initial and final anatomical success rates were 93.8% and 100% in group A and 93.3% and 100% in group B, respectively (p = 1, p = 1, respectively). Posterior synechia of the iris occurred in one eye in group A and in two eyes in group B (p = 0.61). Macular pucker and retinal fold did not occur in either group. Preoperative intraocular pressure (IOP; mmHg) was 14.5 AE 2.9 in group A and 14.5 AE 2.6 in group B (p = 0.92). Intraocular pressure (IOP) was not statistically different between the groups during the follow-up period (p = 0.36, p = 0.07, respectively). Conclusion: Supine positioning may be an option as a postoperative positioning after TSV and gas tamponade for the treatment of RRD.
Introduction
Rhegmatogenous retinal detachment (RRD) is a severe sight threatening disorder. Scleral buckling and pars plana vitrectomy (PPV) are the major surgical procedures for the treatment of RRD (Miki et al. 2001; Kobashi et al. 2014 ), but PPV, especially TSV, has been gaining popularity as the first-line therapy (Ho et al. 2009; Falkner-Radler et al. 2011; Wong et al. 2014) , due to its advantages of a small incision, selfsealing, decreased surgical trauma, less postoperative inflammation, better postoperative comfort for patients, less postoperative astigmatism and an earlier visual recovery (Kadonosono et al. 2006; Rizzo et al. 2006; Yoon et al. 2006; Park et al. 2009; Galway et al. 2010) . On the other hand, the postoperative prone positioning after TSV for RRD causes patients both a physical and mental burden (Holekamp et al. 1999; Vincent et al. 2003; Salam et al. 2004) . Although the strict postoperative prone positioning may not be necessary for the retinal restoration after TSV for RRD (Chen et al. 2015) , there have not been thorough investigations on whether the postoperative supine positioning is inferior for the success of TSV for RRD as compared to the prone positioning.
In the current study, we compared the postoperative anatomic success rates and the frequency of complications between prone and supine postoperative positioning after TSV for RRD.
Patients and Methods
Sixty-two eyes in 62 patients who underwent primary uncomplicated RRD by means of 27-gauge (27G) TSV were included. A written informed consent was obtained from each patient prior to the study. All work was approved by the institutional review board in Kobe University School of Medicine. The procedure used conformed to the Tenets of the Declaration of Helsinki. Patients were enrolled from February 2015 to January 2016. Eyes with giant retinal tears, proliferative vitreoretinopathy, atopic dermatitis or a history of prior surgery for RRD were excluded. All patients were followedup a minimum of 6 months after surgery.
Patients were subdivided into two groups. Group A was patients instructed to keep a strict postoperative prone positioning for a minimum of 8 days. Group B was patients instructed to keep the prone positioning on the day of the surgery, followed by the supine positioning for a minimum of 7 days from the day after the surgery. All patients were encouraged to start the prone positioning, as soon as they moved from the operation table to the wheelchair on the day of the surgery. All patients were encouraged to keep the designated position for at least 16 hr per day from the day after surgery. The designated position was not required during meals, bathroom visits and sleeping hours, but the patients were encouraged to keep the designated positioning as much as possible. The lateral position was permitted dependent on the location of the retinal breaks for patients, who could not keep the designated position due to bad health. Briefly, patients with temporal tears in the right eye were permitted lateral recumbent with the left side down. Patients with nasal tears in the right eye were permitted lateral recumbent with the right side down. Patients with inferior tears were permitted the lateral recumbent position on either side. Patients with superior tears were permitted to lay with the head upright. This was a nonrandomized prospective study, and the choice of postoperative positioning was led by discretion of the surgeon (H.I). When an intentional hole was created during the surgery, the patients were assigned to group A. The total number of patients was chosen by setting the power = 0.8, a = 0.05 and the inferiority limit = 0.1.
The following variables were analysed: gender, age, the primary anatomical success rate, the final anatomical success rate, the number of retinal breaks, locations of retinal breaks, the number of quadrants involved, the presence or absence of the macular detachment, the lens status, the time course changes of best corrected visual acuity (BCVA), the time course changes of IOP, the time course changes of the depth of the anterior chamber (ACD) and the rate of complications, including macular pucker, retinal fold and posterior synechia of the iris. Best corrected visual acuity (BCVA) was measured pre, 1, 3 and 6 months after the surgery. The IOP and ACD was measured pre, 1 day, 1 week, 1 month, 3 months and 6 months after the surgery. The ACD was calculated using the swept-source 3D anterior segment optical coherence tomography (OCT; CASIA; Tomey Corp., Nagoya, Japan). The presence of macular packer and retinal fold was assessed by both funduscopic and commercially available spectral-domain OCT (Spectralis HRA + OCT; Heidelberg Engineering, Heidelberg, Germany) findings.
Surgical procedures
Sub-Tenon anaesthesia was carried out using approximately 4 ml of 2% lidocaine. The 27G TSV with a wide-angle noncontact viewing system (Resight Ò ; Carl Zeiss Meditec AG, Jena, Germany) was performed using the Constellation Vision System (Alcon Laboratories, Inc., Fort Worth, TX, USA). Three cannulas were created with conjunctival displacement and oblique-angled sclerotomies in the inferotemporal, superotemporal and superonasal quadrants 3.0-4.0 mm posterior to the limbus. Twenty-nine gauge twin chandelier illumination fibres (Oshima dual, Synergetics USA Inc., O'Fallon, MO, USA) were placed at 4.0 mm behind the limbus for wide-angle intraocular illumination. Before vitrectomy, phacoemulsification and intraocular lens implantation (PEA + IOL) with 2.4 mm bent transconjunctival single-plane sclerocorneal or a clear corneal incision were performed using the same machine for all phakic eyes. The size of the circular continuous capsulorhexis (CCC) was adjusted to completely cover the IOL. A foldable Acrylic IOL (VA-70AD, AF-1 ™ , HOYA surgical optics, Tokyo, Japan) implantation was performed for all eyes using a type-C7 cartridge. The optics material and dimension were hydrophobic acryl and 7.0 mm, respectively. The haptic material was polymethylmethacrylate (PMMA). Following the core vitrectomy, the vitreous gel was visualized by the injection of triamcinolone acetonide (MaQaid, Wakamoto Pharmaceutical, Tokyo, Japan) during midperipheral vitrectomy. Then, the peripheral vitreous gel was shaved at 360°with scleral indentation under a wide-angle noncontact viewing system. No internal drainage retinotomies were made in the majority of cases to avoid the awareness of a scotoma, but made in the most anterior part of the detached retina, if necessary. Subretinal fluid (SRF) was evacuated from the original breaks or drainage retinotomy sites and followed by a complete fluidair exchange. All retinal detachments were restored intraoperatively. Endolaser photocoagulation was applied to completely surround all retinal breaks and drainage retinotomy sites. At the end of the surgery, all eyes were flushed with 50 ml of mix of nonexpansile gas [20% sulphur hexafluoride (SF6)] to assure a complete exchange. Additional gas mixture was injected through the pars plana to adjust the IOP, if necessary. Scleral buckling and perfluorocarbon liquid was not used for any of the surgeries in this study. Any sclerotomy sites that were found to leak at the end of the surgery were sutured with 8-0 vicryl suture. Intraocular pressure (IOP) was checked by tactile examination. Subconjunctival corticosteroids were injected, and antibiotic ointment was administered at the end of the surgical procedure.
Statistical methods
The chi-square test and Fisher's exact probability test for dichotomous variables and an unpaired t-test for continuous variables were used to compare the parameters listed above between two groups. A paired t-test was used for comparisons between pre-and postoperative BCVAwithin the same group. We used the Friedman's test, followed by a post hoc analysis using a Wilcoxon t-test with Bonferroni's correction to examine differences in the IOP and the ACD in each group. The Landolt-decimal visual acuity (VA) was converted to logMAR for statistical analysis. Statistical analyses were performed using statistical software (MEDCALC version 12.7.5.0; MedCalc Software, Mariakerke, Belgium). Statistical significance was considered at p < 0.05.
Results
Sixty-two eyes from 62 patients were included in the study, 32 eyes from group A and 30 eyes from group B.
The perioperative demographic data of the patients from both groups were comparable (Table 1) . There were 16 men in group A and 19 men in group B (p = 0.29). The mean AE SD age was 56 AE 9 years in group A and 60 AE 11 years in group B (p = 0.14). The preoperative BCVA (log MAR) was 0.26 AE 0.52 units in group A and 0.46 AE 0.62 in group B (p = 0.18). The preoperative IOP (mmHg) was 14.5 AE 2.9 in group A and 14.5 AE 2.6 in group B (p = 0.92). The preoperative ACD (mm) was 3.1 AE 0.4 in group A and 3.2 AE 0.5 in group B (p = 0.96). The initial and final anatomical success rates were 93.8% and 100% in group A and 93.3% and 100% in group B, respectively (p = 1, p = 1, respectively). The mean AE SD number of retinal breaks was 1.7 AE 1.0 in group A and 1.6 AE 0.8 in group B (p = 0.60). Twenty eyes had original breaks in the superior quadrant, 12 in the inferior quadrant and two eyes at the 3 or 9 o'clock position in group A. In contrast, seventeen eyes had original breaks in the superior quadrant, 11 in the inferior quadrant and five eyes at the 3 or 9 o'clock position in group B. There were no statistical differences in the location of the retinal breaks between the groups (p = 0.71). Thirtyone eyes had RRD involving one or two quadrants, and one eye had a more extensive RRD involving three or four quadrants in group A. Twenty-six eyes had RRD involving one or two quadrants, and four eyes had a more extensive RRD involving three or four quadrants in group B. There was no statistical difference in the location or extent of RRD between the groups (p = 0.62). Fig. 1 ). The postoperative ACD was significantly deeper than the preoperative ACD in both groups during the follow-up period (p < 0.01 for both groups; Fig. 2 ). In group A, the ACD at 1 week, 1, 3 and 6 months after the surgery was significantly deeper than the ACD before the surgery (p < 0.01 at all times). In group B, the ACD at 1 day, 1 week, 1, 3 and 6 months after the surgery was significantly deeper than the pre-ACD (p < 0.01 at all time points). The postoperative BCVA was significantly higher than the preoperative BCVA in both groups during the follow-up period (p < 0.01 for both groups; Fig. 3 ). In both groups, the BCVA at 1, 3 and 6 months after the surgery was significantly higher than the BCVA before the surgery (p < 0.01 at all time points). Table 2 summarizes the details on patients with postoperative complications. We experienced retinal redetachment in both groups. The rate of these complications was similar between the groups. We performed an additional 27G TSV with 20% SF6 gas tamponade for the treatment of retinal redetachment. All eyes obtained the final retinal attachment. Posterior synechia of the iris occurred in one eye of group A and in two eyes of group B. All eyes were treated by synechialysis using the slit-lamp microscope. Macular pucker and retinal fold did not occur during the follow-up period.
Discussion
Given that retinal breaks commonly develop in eyes with RRD between the equatorial region and the posterior vitreous base, it is reasonable to assume that the supine position is superior to the prone position for closing of the tears in the eyes under the artificial gas tamponade following PPV from an anatomical point of view. However, the potential risks of the postoperative complications, such as increased IOP secondary to pupillary block, ACD disappearance, posterior synechia of the iris, macular pucker, retinal fold and cataract progression, are presumed to be increased if the supine position is taken while a substantial volume of gas exists (Krzystolik & D'Amico 2000; Shinoda et al. 2001; Rahman & Rosen 2002; Gopal et al. 2006 ). For this reason, patients are usually restricted to the prone position after PPV for RRD. However, in the current study, the rate of complications listed above and the anatomic success rates did not differ between the two postoperative positions.
No cases from either group exhibited increased IOP secondary to pupillary block or an anterior chamber disappearance, although it has been believed that the pressure of the tamponade substance would cause anterior movement of the IOL and eventually trigger increased IOP due to the pupillary block or anterior chamber disappearance if the patients were kept in the supine position. Several reports have already suggested that the pressure of the tamponade substance would cause anterior movement of the IOL after vitrectomy combined with PEA + IOL (Suzuki et al. 2000; Rahman & Rosen 2002; Patel et al. 2007; Schweitzer & Garc ıa 2008) . On the other hand, Rahman et al. stated that the pupillary capture after combined PEA, IOL implantation, PPV and the injection of a long-acting gas may be prevented by making the CCC smaller than the IOL optic to retain the lens in the capsular bag. Using a foldable IOL with a larger optic diameter would minimize the forward movement of the lens optic and may ensure secure closure of the limbal wound to discourage leakage and anterior chamber shallowing (Rahman & Rosen 2002) . In this study, we used a foldable acrylic IOL with 7.0 mm optical diameters and adjusted the size of CCC to completely cover the IOL to perform the 27G TSV in conjunction with PEA + IOL. Furthermore, we took special care to ensure sealing of the limbal wound. These surgical manoeuvres may be one of the reasons why the pressure of the tamponade substance did not cause anterior movement of the IOL and trigger increased IOP due to the pupillary block or an anterior chamber disappearance. Another possible reason for the stable IOP in the enrolled patients with supine position may be that no patients had fragile zonules of Zinn, which can cause an anterior shift of the IOL if its stability yields to the pressure of the tamponade substance. Collectively, preoperative evaluation of the status of the zonules of Zinn and meticulous surgical manoeuvres can reduce the chance of postoperative complications, even if the supine position is used after the PPV in conjunction with gas tamponade.
Another concern with the supine position exists because one might observe increased macular puckers, due to the migrated retinal pigment epithelial cells in the vitreous cavity able to engraft to the macula with gravity and could cause proliferative changes. However, in the current study, no macular puckers occurred in either group. In recent years, vitrectomies have become minimally invasive, and postoperative inflammation, which is thought to be a strong trigger of macular puckers, has been reduced (Kadonosono et al. 2006; Rizzo et al. 2006; Yoon et al. 2006; Chen 2007; Park et al. 2009; Galway et al. 2010; Osawa & Oshima 2014) . Thus, we believe that reduced postoperative inflammation greatly contributed to these results.
Recently, it has become more common for surgeons to drain the SRF from the causal tear and thus save the postoperative field of vision. However, if drainage retinotomies are not created intentionally, the SRF remains to some degree at the end of the surgery. If these patients are restricted to the supine position immediately after surgery, the SRF might migrate to the macular region and the retinal folds might remain after retinal attachment (Larrison et al. 1993; Trinh et al. 2006; El-Amir et al. 2007 ). In addition, cases without presurgical macular detachment might develop temporary macular detachment and postoperative retinal folds. For this reason, we restricted patients to the prone position on the day of the surgery in this study. As a result, no patients in either group developed retinal folds, suggesting that the prone position immediately after surgery, as well as the draining of the residual SRF in the macula, is critical to minimize retinal fold development and maximize the surgical outcome. Fig. 1 . Changes in intraocular pressure (IOP) over time. The mean IOP at baseline was 14.5 AE 2.9 mmHg in group A and 14.5 AE 2.6 mmHg in group B. At 1 day, 1 week, 1 month, 3 months and 6 months postoperatively, the IOP was 16.0 AE 7.1, 14.2 AE 3.6, 16.1 AE 3.0, 15.9 AE 3.2 and 16.1 AE 4.2 mmHg, respectively, in group A, and 15.6 AE 6.1, 13.8 AE 5.3, 15.9 AE 2.6, 16.0 AE 2.1 and 16.1 AE 2.0 mmHg, respectively, in group B. Therefore, the IOP did not significantly change in the groups during the follow-up period (p = 0.36, p = 0.07, respectively). Fig. 2 . Changes in the depth of anterior chamber (ACD) over time. The mean ACD at baseline was 3.1 AE 0.4 mm in group A and 3.2 AE 0.5 mm in group B. At 1 day, 1 week, 1 month, 3 months and 6 months postoperatively, the ACD was 3.2 AE 0.3, 3.5 AE 0.4, 3.5 AE 0.4, 3.4 AE 0.2, and 3.5 AE 0.2 mm, respectively, in group A, and 3.5 AE 0.4, 3.6 AE 0.4, 3.7 AE 0.4, 3.6 AE 0.3 and 3.6 AE 0.3 mm, respectively, in group B. The ACD was significantly different between the groups during the follow-up period (p < 0.01 for both groups). In group A, the ACD at 1 week, 1 month, 3 months and 6 months after the surgery was significantly deeper than the ACD before the surgery ( † † p < 0.01 for all time points). In group B, the ACD at 1 day, 1 week, 1 month, 3 months and 6 months after the surgery was significantly deeper than the ACD before the surgery (**p < 0.01 for all time points). This study has some limitations. First, this was not a randomized study. There may have been a bias of patient selection. Additionally, the sample size was relatively small. The results of large-scale, randomized, prospective studies in the future may be warranted. Thirdly, results of this study cannot apply to phakic eyes, since we performed 27G PPV combined with PEA + IOL for all phakic eyes. Additional examinations are required to clarify whether the supine position can be applicable to phakic eyes. In addition, the postoperative positioning on the day of the surgery was restricted to the prone position in both groups. Thus, the study was not a pure comparison of the prone and supine position as the postoperative position restrictions. For all these reasons, our results do not allow the conclusion that the postoperative supine position is applicable to every case with RRD. However, we believe that the results of this study should be considered by vitreous surgeons as to the utility of using the postoperative supine position, which produces less strain on the patients when compared to the prone position.
In summary, we compared the supine position with the prone position after PPV for RRD, in terms of surgical successes and postoperative complications. Our results have demonstrated that there were no differences in the incidences of complications or in the anatomic success rates between the two positions. These results indicate that the postoperative supine position may be an option, for at least some fraction of patients with RRD, as a postoperative position after PPV and gas tamponade for the treatment of RRD. Fig. 3 . The change in best corrected visual acuity (BCVA) over time. The mean BCVA (logMAR) at baseline was 0.26 AE 0.52 in group A and 0.46 AE 0.62 in group B. At 1, 3 and 6 months postoperatively, the BCVA was 0.06 AE 0.18, À0.01 AE 0.11 and À0.03 AE 0.09, respectively, in group A, and 0.16 AE 0.35, 0.09 AE 0.30 and 0.02 AE 0.20, respectively, in group B. The BCVA was significantly different between the groups during the follow-up period (p < 0.01 for both groups). In group A, the BCVA at 1, 3 and 6 months after the surgery was significantly better than the pre-BCVA ( † † p < 0.01 for all time points). In group B, the BCVA at 1, 3 and 6 months after the surgery was significantly better than pre-BCVA (**p < 0.01 for the time points). 
